ABSTRACT

O'JANPA, JOHN VICTOR. Lateral Pressures of Fresh Concrete on Wall Formwork under
High Rates of Placement (Under the direction of Dr. David W. Johnston).

Current ACI guidelines for the design of formwork contain equations for the prediction of the
lateral pressure of concrete exerted on the form which consider the rate of vertical rise of the
concrete in the form, the temperature of the concrete, and the effect of various admixtures.
These equations contain limitations on the acceptable slump of the concrete and the
maximum rate of vertical rise during placement. However, in an ever increasing effort to
increase productivity in the construction field, many concrete contractors place concrete in
wall forms under conditions that exceed the equation limitations. The focus of this study is
to create a field measurement system that can be used by future researchers to accurately
measure formwork pressures in a wide range of applications and to gain a better
understanding of the lateral pressure behavior of fresh concrete.

For the experiment, two different data collection systems were created, one utilizing center-
hole load cells which could measure tension forces in avariety of form ties, and the other
consisting of a group of pressure cells that can easily be screwed into many concrete form
facings. A total of nine forms were instrumented in the field with some combination of this
data collecting equipment and lateral pressures were monitored during the concrete
placement.

A lateral pressure distribution was plotted for each placement based on the field
measurements, noting the rate of vertical rise, lump, and temperature of the concrete
mixture. Measured pressures were then compared to those that would be predicted by
various ACIl and other equations ignoring the limitations on rate of placement, to test the
applicability of those equations when the concrete is placed at very high rates.
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 3/5/2005
Project Name: Tri-City #1
Temperature: 57F

Rate of Rise (unitsin inches and hours)

Height of Wall (in): 120
Time Depth Conc. Height Rise Rate
120
6 84 84 120.00
13 120 36 60.00
- Average 90.00

Loss of Plasticity

K-test Data

Time

Reading (in)

Reading (%)

5 min

0.5

6%

10 min

20 min

0.5

6%

30 min

0.25

3%

40 min

50 min

Notes:

Temporary hold in pouring wall while waiting for another concrete truck from 5 minutes to 9 minutes

* See note

Consolidation performed with 2x2 wooden rods instead of vibration
Slump = 3.5 inches

Temp of concrete lowered from 57 to 51 F over 34 minute monitoring period
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Field Collection Worksheet - Pressure Cells

Collection Date: 5-Mar-05
Project Name: Tri-City #1
Temperature: 57F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) Ini 1 minute | 2 minutes | 3 minutes | 4 minutes | 5 minutes | 7 minutes
1 114 200 323 391 480 523 535 532
96 100 250 382 500 601 686 583
3 78 0 78 236 376 448 473 467
4 60 0 0 58 214 302 330 326
5 42 0 0 0 96 136 148 149
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 9 minutes | 11 minutes| 12 minutes | 13 minutes | 14 minutes | 15 minutes | 19 minutes
1 114 535 513 541 572 796 789 784
2 96 577 579 798 914 1056 1061 1059
3 78 457 468 772 861 901 897 884
4 60 323 327 666 729 721 720 711
5 42 147 146 522 548 535 534 520
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 24 Minutes | 29 Minutes | 34 Minutes
1 114 779 765 728
2 96 1066 1007 1035
3 78 880 875 878
4 60 705 703 688
5 42 514 514 508
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Laboratory Data Worksheet - Pressure Cells

Collection Date: 3-Mar-05
Project Name: Tri-City #1
Temperature: 57F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) Ini 1 minute 2 minutes | 3 minutes | 4 minutes | 5 minutes | 7 minutes [Maximum
1 114 130 259 330 423 468 480 477 480
2 96 59 212 348 468 572 659 553 659
3 78 14 176 320 394 419 413 419
4 60 16 175 265 293 289 293
5 42 21 64 76 77 77
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 9 minutes | 11 minutes| 12 minutes | 13 minutes | 14 minutes|15 minutes|19 minutes| Maximum
1 114 480 457 487 519 754 746 741 754
2 96 547 549 773 892 1037 1042 1040 1042
3 78 403 414 726 817 858 854 841 858
4 60 286 290 636 700 692 691 682 700
5 42 75 74 471 499 485 484 469 499
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 24 Minutes | 29 Minutes | 34 Minutes Maximum
1 114 736 721 682 736
2 96 1047 987 1016 1047
3 78 837 832 835 837
4 60 676 674 659 676
5 42 463 463 457 463
Cell ID |Maximum |Press at Co| Height (ft) |Hydrostatic Jaximum (kP{ Height (m)
1 754 519 0.5 1349 36.08 0.15
2 1047 892 2.0 1136 50.15 0.61
3 858 817 35 923 41.09 1.07
4 700 700 5.0 710 33.54 1.52
5 499 499 6.5 497 23.89 1.98
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 3/10/2005
Project Name: Tri-City #2
Temperature: 62 F

Rate of Rise (unitsin inches and hours)

Height of Wall (in): 108
Time Depth Conc. Height Rise Rate
108
4 108 108 180.00
Average 180.00

Loss of Plasticity

K-test Data

Time

Reading (in)

Reading (%)

Initial

5

43%

15 min

4.75

39%

25 min

2.5

20%

30 min

40 min

50 min

Notes:
Wall Thickness = 9.5 inches
Consolidation performed with 2x2 wooden rods instead of vibration
Slump = 8.5 inchesin two tests
Temp of concrete lowered from 62 to 52 F over 73 minute monitoring period
Wall wasfilled in 4 minutes, however, concrete lumped approxmiately 6" at about 10 minutes.
Wall was refilled at 15 minutes
Rate of pour = constant with exception of note above
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Field Collection Worksheet - Pressure Cells

Collection Date: 10-Mar-05
Project Name: Tri-City #2
Temperature: 62F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) Ini 1 minute | 2 minutes | 3 minutes | 4 minutes | 5 minutes | 6 minutes
1 30 0 0 342 342 357
48 0 123 388 553 503
3 66 0 0 97 294 513 714 760
4 84 0 91 387 441 617 835 923
5 102 46 293 474 575 720 929 1015
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 7 minutes | 9 minutes | 19 minutes | 25 minutes | 37 minutes | 44 minutes | 50 minutes
1 30 337 324 304 332 302 288 278
2 48 549 530 496 511 478 461 448
3 66 734 711 665 659 611 585 503
4 84 927 928 923 932 963 1002 1029
5 102 998 929 814 772 754 753 765
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 57 Minutes | 65 Minutes | 73 Minutes
1 30 266 299 238
2 48 436 427 425
3 66 544 517 495
4 84 1056 1061 1073
5 102 770 778 786




Laboratory Data Worksheet - Pressure Cells

Collection Date: 10-Mar-05
Project Name: Tri-City #2
Temperature: 62 F
Field Callection Data
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) Ini 1 minute 2 minutes | 3 minutes | 4 minutes | 5 minutes | 6 minutes [Maximum
1 30 278 278 294 294
2 48 82 354 522 471 522
3 66 33 236 460 666 714 714
4 84 50 352 407 586 809 898 898
5 102 -31 229 421 527 681 901 992 992
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 7 minutes | 9 minutes | 19 minutes | 25 minutes | 37 minutes|44 minutes|50 minutes| Maximum
1 30 273 260 239 268 237 222 211 273
2 48 518 499 464 479 446 428 415 518
3 66 687 663 616 610 561 534 450 687
4 84 902 903 898 908 939 979 1006 1006
5 102 974 901 780 735 716 715 728 974
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 57 Minutes | 65 Minutes | 73 Minutes Maximum
1 30 199 233 170 233
2 48 403 394 391 403
3 66 492 464 442 492
4 84 1034 1039 1051 1051
5 102 733 742 750 750
|
Cell ID |Maximum |Time (min) |Height (ft) |Hydrostatic |Pressure at Compl
1 294 5 6.5 355 278
2 522 9 5.0 568 354
3 714 9 35 781 460
4 1051 9 2.0 994 586
5 992 9 0.5 1207 681
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 3/22/2005
Project Name: Tri-City #3
Temperature: 68 F

Rate of Rise (units in inches and hours)

Height of Wall (in): 120
Time Depth Conc. Height Rise Rate
120
5 60 60 60 60.00
13 120 60 37.50
Average 48.75

Loss of Plagticity
K-test Data

Time | Reading (in)| Reading (%)
Initial

15 min NO K_TEST PERFORMED TODAY
25 min
30 min
40 min
50 min

Notes:
Wall Thickness = 8 inches
Consolidation performed with 2x2 wooden rods instead of vibration
Slump = 8.375 inches in average of two tests
Temp of concrete lowered from 67 to 64 F over 27 minute monitoring period

Rate of pour = constant with exception of three minute truck change
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Field Collection Worksheet - Pressure Cells

Collection Date: 22-Mar-05
Project Name: Tri-City #3
Temperature: 67F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) Ini 1 minute | 2 minutes | 3 minutes | 4 minutes | 5 minutes | 8 minutes
1 42 0 0 0 0 0 0 0
60 0 0 0 0 8 14 128
3 78 0 0 0 115 168 173 286
4 96 0 0 138 255 294 294 370
5 114 40 152 275 375 397 399 475
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 9 minutes | 10 minutes | 11 minutes | 12 minutes | 13 minutes | 14 minutes | 15 minutes
1 42 108 208 307 498 520 514 515
2 60 280 344 434 644 625 627 632
3 78 444 504 603 797 805 800 796
4 96 552 582 634 895 900 913 894
5 114 654 733 767 930 999 996 948
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 16 Minutes | 17 Minutes | 22 Minutes | 30 Minutes | 32 Minutes
1 42 512 505 472 455 453
2 60 630 608 606 603 600
3 78 793 776 765 759 756
4 96 891 891 894 910 909
5 114 942 898 868 854 847
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Laboratory Data Worksheet - Pressure Cells

Collection Date: 22-Mar-05
Project Name: Tri-City #3
Temperature: 67F
Field Callection Data
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) Ini 1 minute 2 minutes | 3 minutes | 4 minutes | 5 minutes | 8 minutes [Maximum
1 42
2 60 -35 -29 88 88
3 78 52 106 111 227 227
4 96 98 217 257 257 334 334
5 114 -38 81 210 316 339 341 422 422
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 9 minutes | 10 minutes | 11 minutes | 12 minutes | 13 minutes|14 minutes|15 minutes| Maximum
1 42 34 138 242 442 465 458 460 465
2 60 243 309 401 616 596 598 603 616
3 78 389 451 553 752 760 755 751 760
4 96 520 551 604 870 875 888 869 888
5 114 611 694 730 902 975 972 921 975
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 16 Minutes | 17 Minutes | 22 Minutes | 30 Minutes | 32 Minutes Maximum
1 42 456 449 415 397 395 456
2 60 601 579 577 574 571 601
3 78 747 730 719 713 710 747
4 96 866 866 869 885 884 885
5 114 915 869 837 822 815 915
Cell ID |Maximum |Time (min)|Height (ft) |Hydrostatic
1 465 5 6.5 497
2 616 9 5.0 710
3 760 9 35 923
4 888 9 2.0 1136
5 975 9 0.5 1349
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 4/1/2005
Project Name: Tri-City #4
Temperature: 76 F

Rate of Rise (units in inches and hours)

Height of Wall (in): 132
Time Depth Conc. Height Rise Rate
132
2 108 24 24 60.00
23 3 129 105 25.00
- Average 42.50

Loss of Plagticity
K-test Data

Time | Reading (in)| Reading (%)

Initial 1 10%

10 min 0.6 7%

20 min 0.2 2%

30 min

40 min

50 min

Notes:
Wall Thickness = 9.5 inches
Consolidation performed with 2x2 wooden rods instead of vibration
Slump = 5.75 inches in average of two tests
Temp of concrete 67 constant over monitoring period

Rate of pour = constant with exception of three minute truck change
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Field Collection Worksheet - Pressure Cells

Collection Date: 1-Apr-05
Project Name: Tri-City #4
Temperature: 76 F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) Ini 1 minute | 15 minutes | 16 minutes | 17 minutes | 18 minutes | 19 minutes
1 54 0 0 0 0 90
2 72 3 4 4 50 226
3 90 0 13 2 7 55 227 390
4 108 48 201 194 198 227 370 534
5 126 250 377 422 421 427 550 685
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 20 minutes | 21 minutes | 22 minutes | 32 minutes | 34 minutes | 35 minutes | 36 minutes
1 54 117 250 346 434 557 577 573
2 72 223 339 440 636 742 789 794
3 90 407 508 611 791 936 958 946
4 108 545 625 685 820 1055 1092 1096
5 126 744 800 867 918 973 1007 1003
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 42 Minutes | 52 Minutes | 72 Minutes | 77 Minutes | 87 Minutes | 97 Minutes
1 54 551 536 520 520 518 514
2 72 756 742 724 718 709 698
3 90 903 871 815 798 782 769
4 108 1112 1139 1184 1193 1206 1213
5 126 961 923 894 889 887 886

Long Pause between 1 and 15 minutes while waiting for next truck.

Wall full at 34 minutes
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Laboratory Data Worksheet - Pressure Cells

Collection Date: 1-Apr-05
Project Name: Tri-City #4
Temperature: 76 F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) Ini 1 minute | 15 minutes | 16 minutes | 17 minutes|18 minutes| 19 minutes|Maximum
1 54 15 15
2 72 -41 -40 -39 -39 8 188 188
3 90 -53 -64 -59 -10 167 334 334
4 108 6 162 155 159 188 334 502 502
5 126 184 318 366 365 371 501 644 644
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 20 minutes | 21 minutes | 22 minutes | 32 minutes | 34 minutes|35 minutes|36 minutes| Maximum
1 54 43 182 283 375 503 524 520 524
2 72 185 304 407 607 716 764 769 769
3 90 351 455 561 745 894 917 904 917
4 108 513 594 656 793 1033 1071 1075 1075
5 126 706 765 836 890 948 984 980 984
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 42 Minutes | 52 Minutes | 72 Minutes | 77 Minutes | 87 Minutes|97 Minutes Maximum
1 54 497 482 465 465 463 458 497
2 72 730 716 697 691 682 671 730
3 90 860 827 770 753 736 723 860
4 108 1091 1119 1165 1174 1187 1194 1194
5 126 935 895 864 859 857 856 935
Cell ID |Maximum |Press at CofHeight (ft) |Hydrostatic
1 524 503 6.5 639
2 769 716 5.0 852
3 917 894 35 1065
4 1194 1033 2.0 1278
5 984 948 0.5 1491
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 4/12/2005
Project Name: Tri-City #5
Temperature: 58 F

Rate of Rise (unitsin inches and hours)

Height of Wall (in): 120
Time Depth Conc. Height Rise Rate
120
15 120 120 40.00
Average 40.00

Loss of Plagticity

K-test Data
Time | Reading (in) | Reading (%)

Initial 1 10%
10 min 0.75 7%
20 min 0.5 4%
30 min 0.4 3%
40 min

50 min

Notes:

Pressure Cell #3 would not balance. Initial reading = 69 psf

Consolidation performed with 2" stinger type vibratory compactor

Slump = 6 inchesin average of two tests

Temp of concrete 68 constant over monitoring period

Two brief pauses noted during casting, one while changing concrete trucks, and one while filling other wall
Pressure cells 2 & 3 initially dropped, but began to rise for over an hour

Some intermediate datais | eft off of this spreadsheet, but is recorded on the hand-written collection sheet
Location: Devon, Supplier: Thomas
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Field Collection Worksheet - Pressure Cells

Collection Date: 12-Apr-05
Project Name: Tri-City #5
Temperature: 58F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) Ini 1 minute | 2 minutes | 4 minutes | 6 minutes | 11 minutes | 13 minutes
1 42 0 0 0 0 0 0 0
60 0 0 0 0 0 0 132
3 78 69 69 69 69 69 72 337
4 96 0 0 0 49 109 111 360
5 114 13 43 131 261 338 377 525
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 15 minutes | 17 minutes | 18 minutes | 19 minutes | 23 minutes | 26 minutes | 29 minutes
1 42 335 538 514 465 502 492 485
2 60 374 619 660 680 677 672 660
3 78 514 708 811 956 939 944 940
4 96 514 723 768 969 1001 995 968
5 114 662 828 886 1051 968 907 853
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 34 minutes | 66 minutes | 71 minutes | 76 minutes | 82 minutes | 94 minutes | 120 minutes
1 42 456 527 525 523 525 549 619
2 60 633 559 548 543 532 524 521
3 78 948 828 843 864 880 918 997
4 96 954 921 941 960 980 1026 1091
5 114 786 596 576 576 569 563 568
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Laboratory Data Worksheet - Pressure Cells

Collection Date: 12-Apr-05
Project Name: Tri-City #5
Temperature: 58 F
Field Callection Data
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) Ini 1 minute 2 minutes | 4 minutes | 6 minutes |11 minutes|13 minutes| Maximum
1 42
2 60 92 92
3 78 5 5 5 5 5 8 280 280
4 96 7 68 70 324 324
5 114 -66 -35 58 196 277 318 475 475
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 15 minutes | 17 minutes | 18 minutes | 19 minutes | 23 minutes|26 minutes|29 minutes| Maximum
1 42 271 484 458 407 446 435 428 484
2 60 339 590 632 652 649 644 632 652
3 78 461 660 766 915 897 902 898 915
4 96 481 694 740 945 978 972 944 978
5 114 619 795 856 1030 943 878 821 1030
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 34 minutes | 66 minutes | 71 minutes | 76 minutes | 82 minutes|94 minutes|Ll20 minute§ Maximum
1 42 398 472 470 468 470 495 568 568
2 60 604 529 517 512 501 493 490 604
3 78 906 783 799 820 837 876 957 957
4 96 930 896 917 936 956 1003 1070 1070
5 114 750 550 528 528 521 515 520 750
|
Cell ID |Maximum |Time (min)|Height (ft) |Hydrostatic |Press at Completion
1 568 5 6.5 497 484
2 652 9 5.0 710 590
3 957 9 35 923 660
4 1070 9 2.0 1136 694
5 1030 9 0.5 1349 795
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 4/19/2005
Project Name: Tri-City #6
Temperature: 89 F

Rate of Rise (units in inches and hours)

Height of Wall (in): 120

Time Depth Conc. Height

Rise

Rate

120

55 120

120

109.09

Average

109.09

Loss of Plagticity
K-test Data

Time | Reading (in)| Reading (%)
Initial

10 min

20 min

30 min

40 min

50 min

Notes:
Wall Thickness = 9 inches

NO K TEST PERFORMED

Consolidation performed with 2" stinger type vibratory compactor
Slump = 7.875 inches in average of two tests
Temp of concrete 74 constant over monitoring period

Refilled wall occasionally due to slumping caused by vibratory consolidation
High slump concrete to make it easier to clean the street

Location: Fuquay, Supplier: Thomas
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Field Collection Worksheet - Pressure Cells

Collection Date: 19-Apr-05
Project Name: Tri-City #6
Temperature: 89F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) Ini 1 minute | 2 minutes | 3 minutes | 4 minutes | 5 minutes | 6 minutes
1 42 0 0 110 352 454 520
60 0 0 223 456 468 706
3 78 0 0 141 373 557 589 830
4 96 0 133 288 550 744 760 1050
5 114 56 260 415 650 770 864 1161
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 7 minutes | 8 minutes | 9 minutes | 11 minutes | 14 minutes | 19 minutes | 24 minutes
1 42 535 440 433 425 416 409 403
2 60 734 614 595 571 555 544 526
3 78 932 785 758 733 702 672 641
4 96 1128 1040 1033 1026 1000 971 933
5 114 1201 1353 1355 1283 1177 1104 1143
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 29 minutes | 34 minutes
1 42 392 403
2 60 509 520
3 78 615 619
4 96 896 923
5 114 1189 1212
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Laboratory Data Worksheet - Pressure Cells

Collection Date: 19-Apr-05
Project Name: Tri-City #6
Temperature: 89 F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) Ini 1 minute 2 minutes | 3 minutes | 4 minutes | 5 minutes | 6 minutes [Maximum
1 42 36 289 396 465 465
2 60 185 423 435 679 679
3 78 79 317 505 538 785 785
4 96 93 251 518 716 732 1028 1028
5 114 -21 195 358 607 733 833 1146 1146
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 7 minutes | 8 minutes | 9 minutes | 11 minutes | 14 minutes|19 minutes|24 minutes| Maximum
1 42 480 381 374 365 356 349 342 480
2 60 708 585 565 541 525 513 495 708
3 78 890 739 712 686 654 623 592 890
4 96 1107 1018 1011 1003 977 947 909 1107
5 114 1189 1349 1351 1275 1163 1086 1127 1351
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 29 minutes | 34 minutes Maximum
1 42 331 342 342
2 60 477 489 489
3 78 565 569 569
4 96 871 898 898
5 114 1176 1200 1200
Cell ID |Maximum |Press at CofHeight (ft) |Hydrostatic
1 480 396 6.5 497
2 708 435 5.0 710
3 890 538 35 923
4 1107 732 2.0 1136
5 1351 833 0.5 1349
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 4/26/2005
Project Name: Tri-City #7
Temperature: 59 F

Rate of Rise (units in inches and hours)

Height of Wall (in): 120
Time Depth Conc. Height Rise Rate
120
5 120 120 120.00
Average 120.00

Loss of Plagticity
K-test Data

Time | Reading (in)| Reading (%)

Initial

10 min

20 min

30 min

40 min

50 min

Notes:
Wall Thickness = 9 inches

NO K TEST PERFORMED

Consolidation performed with 2" stinger type vibratory compactor
Slump = 4.5 inches in average of two tests
Temp of concrete 66 constant over monitoring period

L ocation: Wakefield, Supplier: Thomas
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Field Collection Worksheet - Pressure Cells

Collection Date: 1-Apr-05
Project Name: Tri-City #7
Temperature: 76 F
Field Collection Data
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) Ini 1 minute | 2 minutes | 3 minutes | 4 minutes | 5 minutes | 6 minutes
1 42 0 0 47 260 412 364
2 60 0 0 189 333 514 546
3 78 0 0 86 303 441 628 725
4 96 0 0 214 400 500 702 825
5 114 47 127 352 431 546 620 745
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 7 minutes | 8 minutes | 9 minutes | 14 minutes | 19 minutes | 24 minutes | 29 minutes
1 42 320 428 415 441 426 415 402
2 60 517 590 587 608 606 601 598
3 78 685 775 781 797 788 770 764
4 96 831 859 856 847 831 822 810
5 114 754 776 747 625 548 522 501
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 34 minutes
1 42 390
2 60 600
3 78 754
4 96 809
5 114 489

Long Pause between 1 and 15 minutes while waiting for next truck.
Wall full at 34 minutes
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Laboratory Data Worksheet - Pressure Cells

Collection Date: 26-Apr-05
Project Name: Tri-City #7
Temperature: 59 F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) Ini 1 minute 2 minutes | 3 minutes | 4 minutes | 5 minutes | 6 minutes [Maximum
1 42 -30 193 352 301 352
2 60 150 297 483 515 515
3 78 22 245 386 578 678 678
4 96 175 365 467 673 798 798
5 114 -30 54 292 375 497 575 707 707
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 7 minutes | 8 minutes | 9 minutes | 14 minutes | 19 minutes|24 minutes|29 minutes| Maximum
1 42 255 368 355 382 366 355 341 382
2 60 486 560 557 579 577 572 569 579
3 78 637 729 735 752 742 724 718 752
4 96 805 833 830 821 805 795 783 833
5 114 716 740 709 580 499 471 449 740
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 34 minutes Maximum
1 42 329 329
2 60 571 571
3 78 707 707
4 96 782 782
5 114 437 437
Cell ID |Maximum |Press at CofHeight (ft) |Hydrostatic
1 382 352 6.5 497
2 579 483 5.0 710
3 752 578 35 923
4 833 673 2.0 1136
5 740 575 0.5 1349
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 12/3/2004
Project Name: NCSU Alumni Hall Columns
Temperature: 62 F

Rate of Rise (units in inches and hours)

Height of Column (in): 144
Time Depth Conc. Height Rise Rate
144
9 144 144 80.00
- Average 80

Loss of Plagticity

K-test Data
Time | Reading (in)| Reading (%)

Initial 7.5 63%
10 min 7.5 63%
20 min 6.5 55%
30 min 6.5 55%
40 min 6.5 55%
50 min 6 50%
Notes:

1. Constant Loss of pressure maybe due to water leaking from bottom of form?
2. 30 second pause between minutes 7 and 8 to clean pump head
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Field Collection Worksheet - Pressure Célls

Collection Date: 3-Dec-04
Project Name: NCSU Alumni Hall Columns
Temperature: 62F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 1 minute | 2 minutes | 3 minutes | 4 minutes | 5 minutes | 6 minutes | 7 minutes
1 488 927 1230 1500 1550 1470 1380
210 750 1170 1270 1240 1235 1231
3 11 540 935 1020 1040 1015 950
4 23 450 725 790 780 780 735
5 0 250 360 455 445 445 410
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 8 minutes | 9 minutes | 10 minutes | 20 minutes | 30 minutes | 40 minutes | 50 minutes
1 1325 1370 1290 880 680 563 466
2 1295 1340 1305 1115 998 909 825
3 995 1060 990 683 585 516 453
4 835 860 830 681 582 512 447
5 510 522 513 423 365 325 281
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) 1 hour
1 361
2 726
3 385
4 381
5 235
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Laboratory Data Worksheet - Pressure Cells

Collection Date: 3-Dec-04
Project Name: NCSU Alumni Hall Columns
Temperature: 62 F

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 1minute | 2 minutes | 3 minutes | 4 minutes | 5 minutes | 6 minutes | 7 minutes | Maximum
1 431 891 1208 1490 1543 1459 1365 1543
2 172 724 1154 1256 1225 1220 1216 1256
3 -55 488 893 980 1001 975 909 1001
4 -20 416 696 763 752 752 707 763
5 184 300 401 390 390 353 401
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 8 minutes | 9 minutes | 10 minutes | 20 minutes | 30 minutes |40 minutes|50 minutes| Maximum
1 1307 1354 1271 842 632 510 408 1354
2 1282 1328 1292 1098 978 887 801 1328
3 955 1021 950 635 534 463 399 1021
4 809 834 803 652 551 479 413 834
5 459 471 462 367 306 263 217 471
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) 1 hour Maximum
1 298 298
2 699 699
3 329 329
4 346 346
5 168 168
Cell ID |Maximum |Press at CofHeight (ft) |Hydrostatic
1 1543 1354 0.5 1658
2 1328 1328 25 1370
3 1021 1021 4.0 1154
4 834 834 6.0 865
5 471 471 8.3 541
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Field Collection Worksheet - Rise and Plasticity

Collection Date: 11/5/2004
Project Name: NCSU Alumni Hall 1
Temperature:

Rate of Rise (units in inches and hours)

Height of Wall (in): 156
Time Depth Conc. Height Rise Rate
12 min 104 52 52 21.67
70 min 84 72 20 1.72
105 min 51 105 33 4.71
140 min 15 141 36 5.14
160 min 4 152 11 2.75

Average 4.875

Loss of Plasticity
K-test Data

Time Reading (in) | Reading (%)
30 min 5 44%
42 min 0.5 4%
52 min 0.6 7%
62 min 0.4 4%
72 min 5 42%
93 min 7 60%
105 min  [Rejection Rejection

Notes:
1 Large delay between 1st and 2nd lift due to truck delays. Height of first lift was
approximately 4.5 feet
2 Initial Slump of Concrete = 5 inches

3 Batch we tested for lump and plasticity was from the same truck as the General

Contractor's QC tests
4 Load Cdls P3500: 89717
S& B: 86594
Pressures Cells P3500: 60902
S&B: 120171

5 Pressure Cell #5 could not be balanced. The readings from this cell are subject to error

6 Stud and Wale layout is very intricate. See diagram for layout details

105



Field Collection Worksheet - Pressure Cells

Collection Date: 5-Nov-04
Project Name: NCSU Alumni Hall 1
Temperature:

Field Collection Data

Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 5 minutes | 10 minutes | 20 minutes | 30 minutes | 40 minutes | 50 minutes 1 hour
1 150 475 570 484 475 413 385 335
2 126 237 270 267 331 262 343 282
3 96 0 0 117 139 96 57
4 72 9 5 7 9 10 9 13
5 48 -3 1 2 4 5
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) | 70 minutes | 80 minutes | 90 minutes | 100 minutes|110 minutes| 2 hours | 130 minutes
1 150 272 184 83 -12 -127 -195 -258
2 126 225 140 59 -20 -98 -143 -181
3 96 18 -36 31 82 -2 -25 -51
4 72 15 16 242 258 237 180 311
5 48 2 4 3 12 9 3 423
Position Tributary Area Pressure Measurements (psf)
Cell ID Depth (in) | Depth (in) | Height (in) |140 minutes|150 minutes| 160 minutes| 170 minutes
1 150 -268 -281 -254 -145
2 126 -206 -228 -240 -254
3 96 -87 -117 -165 -230
4 72 445 344 366 328
5 48 356 493 345 290
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Laboratory Data Worksheet - Pressure Cells

Collection Date:
Project Name:
Temperature:

Field Collection Data

5-Nov-04

NCSU Alumni Hall 1

Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 5 minutes | 10 minutes | 20 minutes | 30 minutes |40 minutes |50 minutes| 1 hour |Maximum
1 150 418 517 427 418 353 323 271 517
2 126 199 233 230 295 225 308 245 308
3 96 -61 54 77 32 -8 77
4 72 -34 -38 -36 -34 -33 -34 -30 -30
5 48 -79 -78 -76 -76 -75
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) | 70 minutes | 80 minutes | 90 minutes |100 minutes|{110 minute§ 2 hours [L30 minuteg Maximum
1 150 205 113 7 205
2 126 187 100 17 187
3 96 -48 -34 18 18
4 72 -28 -27 204 220 199 140 274 274
5 48 -78 -76 -77 -67 -71 -77 367 367
Position Tributary Area Pressure Measurements (psf)
Cell ID | Depth (in) | Depth (in) | Height (in) |140 minutes|150 minutes| 160 minutes | 170 minutes Maximum
1 150
2 126
3 96
4 72 411 308 330 291 411
5 48 296 441 284 226 441
Cell ID |Maximum [Time (min)|Height (ft) |Hydrostatic | Lifts
4.5
1 517 10 0.5 1658 4.5
2 308 50 25 1370 8.7
3 77 40 5.0 1009 8.7
4 411 140 7.0 721 11.75
5 441 150 9.0 433 11.75
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8.3 Concrete Mixture Proportions
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S.T. Wooten Concrete Products

12204 Cleveland Road
Garney, NC 27529
(919) 779 - 9752

CONCRETE MIX DESIGN

MIX ID : 25814802 [ 0] 3000 PSI
CONTRACTOR : Tri City Contracting
PROJECT : Wall Mix

SOURCE OF CONCRETE : 5.T. Wooten Corporation
CONSTRUCTION TYPE : Air Entrained Wall Mix

PLACEMENT : Conventional/Concrete Boom Pump
WEIGHTS PER CUBIC YARD (SATURATED, SURFACE-DRY)
YIELD,
Lafarge Cement Type I/II ASTM C 150, LB 440 2.
Boral Flyash ASTM C 618, LB 140
G&S Materials Natural Sand ASTM C 33, LB 1318 B
Jake Stone #67 Stone ASTM C 33, LB 1650 9
JATER, LB (GAL-US) 275 ( 33.0) 4,
TOTAL AIR, % 5.0 +/- 1.5 1
TOTAL 27,
Master Builders Polyheed 997 ASTM C 454, OZ 46.40
Magter Builders Micro Air ASTM C 260, 0Z-US 15.0
WATER/CEMENT RATIO, LBS/LB 0.47
SLUMP, IN 4.00
CONCRETE UNIT WEIGHT, PCF 141.6

* Design slump and air test to be taken at point cof placement.
* Master Builders Polyheed 997 and Micro Air to be used as needed.

PREPARED BY :

Robert Poole
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Thomas Concrete of Carolina, Inc. Plant: 600

Technical Services Phone: 819.562,1809
918-460-1766 Backup: 100
Tri-City Contractors Project: Various

Location: Various

Concrete Mix Design (s]
Please use mix code numbers for ordering concrete.

Mix Code 309TRI
Strength (PSI) 3000
Max Coarse (") 0.75
Air%: Lower % 3
Upper % 6
Slump: (") 4-6
Bag Factaor: 47
Cement (LBS) Type I/l 440 Type I/l
Fly Ash (LBS) Type F 140 Boral Belews Creek
Sa‘{nd (LBS) =—— 1472 Hanson Eliot Pit — AMdTuede Sevp  MCZS
Stone (LBS) #57 1467 Hanson 3/4" Raleigh Quarry Granite
Stone (LB3) #78 0
Stone (LBS) LtWit 0
Admix 1 (OZ) Water Reducer 18 Euclid ASTM C 484 Type A -Euclid NW
Admix 2 (OZ) Air Entraining Agent 8 Euclid ASTM C 260 - Euclid Air 40
Admix 3 (OZ) Mid Range 0
Admix 4 (OZ) Superplasticizer 0
Water (GAL) 35 well water
Water/CMT. [+FA] 0.50
Location walls

Plant Manager is to discuss temperature and/or slump requirements with contractor prior to shipping
concrete.

We guarantee that the above design(s) will meet the specified ultimate strength requirement when placing,
sampling, testing, and curing are performed and test results are evaluated in accordance with applicable
ASTM and/or ACI standards, and specifications, when such is executed by personnel certified by ACIL.

ASTM C-84 and ACI require that the ready-mix preducer be provided with copies of test reports when

compressive strength is a basis for acceptance. We hereby request copies of these reports in order that
we can properly monitor the performance of concrete on this project.

estrn

Sam Crawford
Director of Technical Services
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8.4 Pressure Cell Calibration
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Pressure Cell Calibration Chart
Test Date: 6-Aug-04
Location: 109 Mann Hall, NCSU
IMPORTANT: P-2500 X-10 BUTTON IS DEPRESSED

Gage Factor Data for Full Strain Indicator Read-out

Cell Gage Factor
ID 20 psi 15 psi 10 psi 5 psi Average
(2880 psf) (2160 psf) | (1440 psf) | (720 psf)
1 2.1180 2.1300 2.1300 2.1690| 2.1368
2 2.1880 2.1880 2.1760 2.3160| 2.2170
3 2.1880 2.2300 2.2300 2.3210| 2.2423
4 2.1980 2.2050 2.2250 2.2480| 2.2190
5 2.1470 2.1520 2.1890 2.2880| 2.1940
Average 21678 2.1810] 2.1900]  2.2684
| Overall Average: 2.2050 |
Load Cell Output with Average Gage Factor Correction Multiplier
ID 20 psi 15 psi 10 psi 5 psi 20 psi 15 psi 10 psi 5 psi Average
2880 2160 1440 720 (2880 psf) | (2160 psf) | (1440 psf) | (720 psf)
1 2833 2132 1451 767 1.0166 1.0131 0.9924 0.9387 0.9902
2 2855 2161 1440 750 1.0088 0.9995 1.0000 0.9600 0.9921
3 2878 2162 1465 771 1.0007 0.9991 0.9829 0.9339 0.9791
4 2875 2145 1456 752 1.0017 1.0070 0.9890 0.9574 0.9888
5 2810 2106 1444 759 1.0249 1.0256 0.9972 0.9486 0.9991
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Figure 8.16 Pressure cell #2 calibration
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8.5 Load Cdl Calibration
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Load Cell Calibration Chart

Test Date: 23-Aug-04
Location: 112 Mann Hall

Load Cell Gage Factor
ID 1000 Ib 5000 Ib 18,000 Ib 30,0001b | Average
1 2.2360 2.3060 2.3840 2.4270| 2.3383
2 2.1540 2.2650 2.3820 2.4070| 2.3020
3 2.1140 2.2300 2.3640 2.3980| 2.2765
4 2.0870 2.2860 2.4040 2.4260| 2.3008
5 1.9520 2.1800 2.3410 2.3790| 2.2130
6 2.1860 2.2450 2.3520 2.3730| 2.2890
7 2.2840 2.2840 2.3960 2.4200| 2.3460
8 2.2430 2.4100 2.4860 2.4990| 2.4095
9 2.0340 2.2790 2.4160 2.4750| 2.3010
10 2.2660 2.3140 2.4120 2.4310| 2.3558
11 2.0880 2.2520 2.3890 2.4160| 2.2863
12 2.1850 2.3060 2.4540 2.4890| 2.3585

Overall Average: 2.4000

Load Cell Output with Average Gage Factor Correction Multiplier

ID 1000 Ib 5000 Ib 18,000 b | 30,000 Ib 1000 Ib 5000 b | 18,0001b | 30,000 Ib | Average

1 770 4260 17240 29560 1.2987 1.1737 1.0441 1.0149 1.1328
2 890 4670 18080 30440 1.1236 1.0707 0.9956 0.9855 1.0438
3 740 4340 17280 29660 1.3514 1.1521 1.0417 1.0115 1.1391
4 900 4790 18230 30620 1.1111 1.0438 0.9874 0.9798 1.0305
5 750 4450 17650 29880 1.3333 1.1236 1.0198 1.0040 1.1202
6 870 4640 17620 29630 1.1494 1.0776 1.0216 1.0125 1.0653
7 790 4610 17920 30410 1.2658 1.0846 1.0045 0.9865 1.0854
8 1060 5320 19190 31660 0.9434 0.9398 0.9380 0.9476 0.9422
9 760 4370 17540 29910 1.3158 1.1442 1.0262 1.0030 1.1223
10 890 4760 18250 30680 1.1236 1.0504 0.9863 0.9778 1.0345
11 840 4610 17850 30220 1.1905 1.0846 1.0084 0.9927 1.0690
12 800 4370 17410 29650 1.2500 1.1442 1.0339 1.0118 1.1100
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Figure 8.20 Load cell #1 calibration
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Figure 8.21 Load cell #2 calibration
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Figure 8.22 Load cell #3 calibration
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Figure 8.23 Load cell #4 calibration
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Figure 8.24 Load cell #5 calibration
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Figure 8.25 Load cell #6 calibration
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Figure 8.26 Load cell #7 calibration
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Figure 8.27 Load cell #8 calibration
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Figure 8.28 Load cell #9 calibration
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Figure 8.29 Load cell #10 calibration
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Figure 8.30 Load cell #11 calibration
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Figure 8.31 Load cell #12 calibration
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